Application oj the theory on cognate six-bars oj Watt's type makes it possible to link the well-known inver sion mechanisms through mechanical cognation. It is proved that the inversors oj Peaucellier, Hart, and Sylvester are cognates, though they do not aU haî'e the same number oj links and turning-joints. As side-lines, two new inversion linkages and two other straight-line mechanisms are jound. AU oj them are each other' s cognate and produce the same straight line. The presented cognates cover a wide range in sizes.
Introduction
As early as 1864 the French captain A. Peaucellier invented a nowadays well-known planar inversor [1] . 1 The Învented linkage was based on the mathematical principle of inversion with respect to some unit circle in the plane. This unit eirc!e enables the mathematician to transform an arbitrarily ehosen curve into what may be termed the invertl,d curve. 80 it is known that a circ1e transforms itself onto another one, except the circle going through the inversion center 0, which will transform itself into a straight line. This line is the radical axis of the two circles. It is the latter property which makes it possible to design straight-line mechanisms. To carry this out, one merely needs an inversion mechanism which possesses two coupler-points Pand Q moving so th at Op· OQ constant. (The inversion center 0 must then be made a fixed center of pivot on the frame.) The Peaucellier-cell, having a rhombus and a kite as kinematic 8ub-chains, possesses the reqllired eondition and may be used for designing a straight-Hne generatÎng mechanism as described above. This straight-line rnechanism of Peallcellier consists of 8 bars and 6 turning-joints (see Fig. 1 ).
Later, in 1875, H. Hart discovercd another well-known inversor, whieh is called thc contraparallelograrn chain of Hart [2] .
This chain is merely a four-bar with the points 0, P, and Q located on three sllccessivc si des of the contraparallelogram. (The points also lie-and remain lying so during motion-on some straight line parallel to the diagonals of the contraparallelogram.) A straight-lille mechanism Hart'g eell is shown in Fig. 2 . Here the meehanism consists of only 6 bars and 7 turning-joints. 1 Although both linkages are inversion mechanisms, they seem to have no mechanical connection. And so even in literat,ure they are presented as two quite different inventions merely linked together through a common mathematical property. It is for this reason that the writer of the present paper has searched for a mechanical conjunction between the two inversors. By doing so, new straight-line mechanisms have been obtained as side-lines. The connection sought for is sueh that thè two inversors are cognates of each other. That is to say that the twö mechanisms are linked together in such a way that the two corresponding points, generating the same straight line, coincide at any point of time. Besides, they have a common fixed center of pivot on the frame, and corresponding links move at the same angular velo city at any point of time. It will be proved, therefore, that both mechanisms are cognates of another less-known o inversor, which is called the quadruplanar inversor of SylVf-8ter and Kempe [3] (see Fig. 3 ).
The latter may be seen as a generalized invers or of Hart. The basic eeIl in this mechanism also consists of a contraparallelogram. The points 0, P, and Q, however, no longer lie on the sides themselves, but coincide with the respective apices of the similar triangles attached to three suecessive sides of the contraparallelogram. AB before, the inversion center 0 is made a fixed center of pivot on the frame. The points Pand Q, however, are no longer on a straight line with O. (As has been shown by Burmester [4) , the points 0, P, R, and Q always form a parallelogram as long as R is attached to the fourth remaining side of the contraparallelogram similarly to the points 0, P, and Q.) Notwithstanding that, it is possible to prove that OP ·OQ = OB· OC· CDi -BC2 = constant, and the basic ceIl may therefore be used as an inversor.
Two Cognate Inversors of Sylvester and Kempe
The quadruplanar inversor of Sylvester and Kempe may be seen as a six-bar linkage of 'Vatt. As a consequence, one may obtain 00 2 cognates [5] using the inversor as the initial mechanism from which to start the design. The cognation is shown by the following sequence of design instructions (see Fig. 4 ); (Sin ce A "C and CBo' move with identical angular velocity and both have a common turning-joint C, they form one rigid bar.
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This bar is a stretched one since <r-(A "C,Bo'C) f3 + 'Y + Cl = 11' rad. Moreover,
The obtained cognate inversor consists of the contraparallelogram BoCEK', the parallelogram CBoK'Bo', and the four-bar Ao" A!! Ao" Bo (see Fig. 7 ).
The turning-joint E of the cognate gellerates the same straight line as point E of the initial mechanism.
In the contraparallelogram BoCEK' the product A "Bo·BoE
constant with respect to time. Since also A "Bol ICK' IIBoE and A", Bo, and E always remain in line, the obtained linkage is an inversion mechanism. That is to say, a810ng asAo" A fI Ao" Bo, point E will describe a straight line perpendicular to Ao" Bo. (Otherwise, E will generate a cifcle with its center on the fixed link Ao" Bo.)
Finally, it may be cIear that the straight-line mechanism, shown in Fig. 7 , allows the designer to choose the fixed center Ao" somewhere on the perpendicular bisector to the distance A fI Bo. In any case, however, the straight path of E remains perpendicular 1.0 the fixed link Ao" Bo.
The mechanism, shown in Fig. 7 , will be called an inversion mechanism of the fiTst kind. It possesses 8 links and 7 turningjoints.
Two Cognate Inversion Mechanisms of the First and the Second Kind
Taking the mechanism of Fig. 7 as the initial one, one may obtain another inversor by following the instructions in design below (see Fig. 8 ): The obtained cognate invers or is ShOWll in Fig. 9 . The linkage will be called all inversion mechanism of the second kind sin ce it contains the same properties as the inversor of the first kind.
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Here also BoA'· BoE = constant and both cognates have 8 bars and 7 turning-joints. The straight line, generated by E, here, too, is perpendicular to Ao'Bo.
A New Straight-Line Mechanism as a Cognate of the Inversor of the First Kind
As before, taking the inversor of Fig. 7 as the initial mechanism, one may obtain a straight-line mechanism having 8 bars and only 6 turning-joints. This may be done using the following instructions (see Fig. 10 ): One thus obtains the cognate straight-line mechallism shown in Fig. 11 . The mechanism consists of the contraparallelogram B"CEK', the parallelogram Aa"BoK'AV, and the four-bar Ao" A vCBa with AVC Ao" Bo. The designer, using such a mechanism, may freely choose the lengths AVK', AVC, and Ao"Ba, but they have to remain equal to each other.
Although the mechanism bears some resemblance to the planar Kempe linkarJe of the forst kind [3, 6] , they are no cognates of each other, since the four-bar AVK'EC (or another one, derived from this one, through some change in the sequence of the links) is not materialized in any sub-chain of the linkage of Kempe (seeFig.17).
Cognale Straight·Line Mechanisms
Taking the mechanism of Fig. 11 as the initial one, anothcr straight-line mechanism may be obtained through cognation. The design instructions are (see Fig. 10 ): Starting with the inversor of Fig. 7 as the initia! mechanism, one seemingly obtains a third straight-line mechanism bearing some resembJance to the mechanisms of the Figs. 11 and 12 . The design instructions are (see Fig. 13 ): Apparently a fourlh straight-line mechanism of this kind may be obtained, the mechanism of Fig. 14 as the initial mechanism. The instructions are (see Fig. 13 ):
(a) Frame the kite K u AA C" A" and the linkage parallelogram
Turn the joint An' into a fixed center of pivot on the frame. One thus obtains the cognate straight-line mechanism shown in Fig. 15 . This is identical to the straight-line mechanism shown in Fig. 12 : They merely differ in position.
The Inversor of Peaucellier as a Cognate of the Fourth Straight-Line Linkage
The well-known inversor of Peaucellier may be obtained from the straight-line mechanism shown in Fig. 15 , through cognation. Taking the mechanism of Fig. 15 as the initial one, one may design the inversor with the following instruction (see One thus obtains the invers or of Peaucellier, as shown in Fig. 1 . All the foregoing shows th at the mechanisms presented in the illustrations 1~16 are related through cognation. It is thus shown that both inversors, viz., the one of Hart and of Peaucellier, are cognates of each other.
